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Many recent approaches to gene
therapy employ non-viral gene
delivery with the ultimate aim
of improving regenerative medicine
and tissue engineering. A recent
detailed examination of a matrix-
based approach to gene delivery
from the group of David J Mooney,
published in Nature Materials, shows
that the ‘stretchiness’ of cell adhesion
substrates has a major influence over
the success of such non-viral gene
delivery approaches.1

The uniting of gene delivery and
tissue engineering is a monumental
advance for those looking to opti-
mize systems for tissue regeneration.
Gene delivery systems have been
adapted from existing prototypes
to function in tissue engineering
applications. Recently, the focus
has shifted away from optimizing
a vector for targeted gene delivery
and towards the matrix on which
cells are attached. The polymers and
hydrogels used to create the matrix
are of primary interest in the devel-
opment of stable systems for gene
delivery and tissue growth. The
composition of the matrix may be
exploited to promote different func-
tions during cell growth.

After an optimal matrix is deter-
mined, the nature of the DNA used
in the studies may be tailored to-
wards the regulation of specific
intracellular functions. Preliminary
studies using matrix-based gene de-
livery for regenerative medicines
have been explored, particularly
with bone regeneration. A pioneer-
ing study published by Bonadio et
al.2 demonstrated that tissue growth
can be promoted by polymer ma-
trices (e.g. GAM) embedded with
specific genes to promote bone re-
generation. Bone injuries treated
with engineered gene-activated ma-
trices had nearly 75% more healing
than the untreated controls.

Kong et al. investigated the
mechanical properties of surfaces,
specifically defining several charac-

teristics that act to enhance the
cellular uptake of vectors in addition
to increasing gene expression. They
examined the fundamental details of
cell adhesion to the matrices and
further explored the possibility that
altering characteristics of the matrix
might enhance gene delivery. DNA
was complexed in the presence of
the common encapsulating agent,
polyethyleneimine (PEI). Fluorescent
resonance energy transfer (FRET)
experiments were then used to fol-
low the quantity of these complexes
taken into the cell as well as the
release of DNA from the particles.

By varying the elastic modulus (E)
(i.e. the amount of force required to
elongate the matrix) of the hydrogel
upon which the cells were grown,
it was determined that the quantity
of DNA complexes taken up into
the cell increased with respect to
E. Furthermore, the FRET ratio
shifted to favor a faster rate of
DNA release from the complex with
respect to increasing E, allowing for
increased gene activity. The observed
increase in gene uptake and expres-
sion might be attributed to increased
cell proliferation, which doubled over
the range examined in this study.
Although the stiffness of the matrix
was clearly linked to both cell pro-
liferation and gene expression, the
authors did not define a mechanism
to explain the marked improvement.

The ability of the cell to grow and
divide efficiently has previously
been shown to affect the efficiency
of gene uptake and expression. To
determine the extent to which profi-
cient cell proliferation accounted for
the increased efficiency of delivery
in this environment, the authors
arrested the cell cycle using several
mechanisms, including unfavorable
growth conditions and the addition
of biochemical agents to halt prolif-
eration. As previously observed, as
conditions became unfavorable for
cell growth, gene uptake and expres-
sion were also diminished.

Other groups are performing
exciting tissue regeneration studies
that complement the results de-
scribed by Kong et al. For example,
the Shea laboratory at Northwestern
University has developed systems
where DNA complexes are tethered
to the matrix prior to the addition of
cells.3 They found that growing cells
on a matrix containing complexed
DNA rather than adding a bulk
solution to the adhered cells pro-
motes the longevity and levels of
gene expression. Additional studies
have focused on the role of substrate-
mediated gene delivery and efforts
to optimize the matrix conditions.4,5

These studies further demonstrate
that modifications of specific proper-
ties of the DNA-embedded matrices
can significantly increase in vitro
gene activity compared to bolus
delivery. A more physical approach,
cyclic cell stretching, has also been
employed as a means of increasing
in vitro gene delivery efficiency.6

Future studies will likely exploit
embedded polymer matrices in com-
bination with undifferentiated stem
cells to initiate and promote tissue
growth in vitro for implantation.
Such a system would be widely
applicable, as the gene embedded
into the matrix could be varied in
order to alter the stem cell differ-
entiation pathway. Explorations of
such systems might provide interest-
ing insights into the possibilities of
using gene delivery methods to
improve regenerative medicine.

The challenge remains to mold the
existing data into an optimal matrix-
based delivery system. These new
data show that the elastic modulus
of the matrix directly influences both
the cell proliferation and the gene
uptake, and additionally promotes
DNA release from the complexes. So
embedding complexed DNA into a
matrix of high elastic modulus might
further improve cell proliferation
and the longevity and levels of gene
expression. Moreover, applying the
external force to cause cyclic stretch-
ing might encourage gene uptake
and expression. In combination,
these and similar systems could
create a far more efficient means of
tissue regeneration than those cur-
rently defined. The potential appli-
cation of these systems to stem cells
provides vast opportunities for the
future of regenerative medicine.

While the matrix-based ap-
proaches discussed above may not
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offer a universal fix for the limita-
tions currently faced in gene therapy,
they certainly provide a solid foun-
dation for the application of gene
therapies for tissue regeneration and
engineering. As new information
becomes available regarding specific
mechanisms to improve cell growth
and thereby increase gene delivery
and activity, it is apparent that
matrix-based approaches to gene
therapy will provide a concrete
method for optimizing cell growth
in vitro for implantation as well as for
insertion in vivo for the expression of
specific genes at target tissues. ’
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